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Conditional "if-then" relations between drug (interoceptive) stimuli and visual (exteroceptive) stimuli
were taught to 4 normal humans. Interoceptive stimuli were the effects produced by 0.32 mg/70 kg
triazolam (a prototypical benzodiazepine) and placebo (lactose-filled capsules); exteroceptive stimuli
were black symbols on white flash cards. Following the training of the prerequisite conditional relations,
tests of emergent relations were conducted between exteroceptive stimuli and between interoceptive
and exteroceptive stimuli. Equivalence relations emerged immediately without explicit training for
all 4 subjects. Accuracy of responding during the interoceptive-exteroceptive equivalence tests and
subjects' self-reports showed consistent discrimination between the drug effects of triazolam and
placebo. Finally, a generalization test assessed whether a novel visual stimulus presented in the context
of the placebo (i.e., no drug) would generalize to visual stimuli belonging to the placebo stimulus
class. All 3 subjects who completed this test reliably chose the visual stimuli belonging to the placebo
class and not the visual stimuli belonging to the triazolam stimulus class. The development of equiv-
alence relations between interoceptive and exteroceptive stimuli demonstrates that private and public
stimulus events can emerge as members of the same equivalence class. Theoretical and clinical im-
plications are discussed.
Key words: behavioral pharmacology, conditional discrimination, drug discrimination, matching to

sample, private events, radical behaviorism, stimulus equivalence, stimulus generalization, triazolam,
humans

The notion that the defining properties of
stimuli are generic ones (Skinner, 1935)-that
stimuli take on multiple functions for an or-
ganism and are best characterized by their
function-has had important implications for
the understanding of private events. Specifi-
cally, radical behaviorism posits that intero-
ceptive (private) events can be conceptualized
in much the same way as exteroceptive (public)
events (Moore, 1980; Schnaitter, 1978; see also
Skinner, 1953, 1957, 1974). As responses, they
can be reinforced and punished; as discrimi-
native stimuli (SDs), they can set the occasion
for responding that may be public or private.

Empirical tests of private events as SDs are
more numerous than are tests of private events
as operant responses. Evidence of private events
as SDS comes primarily from drug-discrimi-
nation research in behavioral pharmacology
(Chait, Uhlenhuth, & Johanson, 1986; Over-
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ton, 1984; Preston, Bigelow, Bickel, & Lieb-
son, 1987; see also Girden & Culler, 1937; for
an overview, see Overton, 1984; Schuster &
Balster, 1977). The drug-discrimination pro-
cedure uses differential reinforcement to es-
tablish responding that comes under the dis-
criminative control of the interoceptive effects
of at least two drug conditions (e.g., morphine
and placebo). For example, an active dose of
drug or the control vehicle (placebo) is ad-
ministered to a food-deprived animal that is
then allowed to make a discrete choice response
on one of two response manipulanda. When
the drug has been administered, responses on
the "drug" manipulandum result in the deliv-
ery of food, whereas responses on the other
manipulandum do not result in food reinforce-
ment; when saline is injected (i.e., placebo),
reinforcement is contingent upon saline ma-
nipulandum responses. Similar procedures that
produce similar results have also been em-
ployed in human drug-discrimination research
(Bickel, Bigelow, Preston, & Liebson, 1989;
Chait et al., 1986; Preston et al., 1987).
The drug-discrimination procedure is widely

used in behavioral pharmacology and neuro-
pharmacology, largely because of the concor-
dance between the results of these studies and
receptor-binding studies and because of the
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high degree of pharmacologic specificity
(Overton, 1984; for an historical analysis see
Branch, 1984; Stolerman & Shine, 1985).
Drug-discrimination research provides consid-
erable evidence that human and nonhuman
animals can discriminate a range of psycho-
active substances based on their interoceptive-
stimulus effects (Holtzman, 1985; Overton,
1984). Thus, drug-discrimination research
supports the notion that stimulus events "in-
side the skin" can serve discriminative func-
tions (Skinner, 1953, 1974). A question that
remains, however, is whether interoceptive
stimuli can share membership in the same
stimulus class as exteroceptive stimuli.
One method used to assess whether physi-

cally different stimuli can emerge as members
of the same equivalence class is the stimulus
equivalence procedure. In the prototypical
procedure, a subject is shown a "sample" stim-
ulus and a response is reinforced for choosing
one of several nonidentical "comparison" stim-
uli (Sidman & Tailby, 1982). During training,
conditional relations are taught by providing
feedback as to whether each response is correct
or incorrect (cf. Saunders, Saunders, Kirby, &
Spradlin, 1988). On subsequent trials, the
emergence of conditional relations is tested and
no feedback is provided. This procedure is de-
signed to test for the mathematical relations of
reflexivity, symmetry, transitivity, which are
defining properties of equivalence relations
(Fields & Verhave, 1987; Sidman, 1990; Sid-
man & Tailby, 1982). For example, if the
stimulus relations At1 - B1 and B1 - C1 were
trained, with the first stimulus as the sample
and the second stimulus as the correct com-
parison, the emergence of the following con-
ditional relations could be assessed: (a) reflex-
ivity (usually assumed; e.g., Al 1 Al), (b)
symmetry (e.g., BI - Al), and (c) transitivity
(Al - C1); a combined test for symmetry and
transitivity can be used as a test for stimulus
equivalence (Cl-1 Al).

Emergent stimulus relations have been
shown between visual stimuli (e.g., Sidman &
Tailby, 1982), between visual and auditory
stimuli (Saunders, Wachter, & Spradlin, 1988),
and between visual and gustatory stimuli
(Hayes, Tilley, & Hayes, 1988). The latter
two studies demonstrate that stimuli imping-
ing on different sensory modalities can none-
theless become members of the same equiva-

lence class. The present study integrated the
stimulus equivalence procedure (e.g., Saun-
ders, Wachter, & Spradlin, 1988; Sidman,
1971, 1990; Sidman & Cresson, 1973; Sidman
& Tailby, 1982; Stromer & Osborne, 1982)
with the drug-discrimination procedure to as-
certain whether equivalence relations can
emerge between interoceptive (drug) stimuli
and exteroceptive (visual) stimuli in humans.

METHOD
Subjects, Stimuli, and Apparatus

Four normal adult volunteers (1 female and
3 males; aged 20 to 23 years), with a mean
college education of 2.3 years, participated in
the study. No subjects had experimental his-
tories of learning conditional discriminations.
Subjects gave informed consent and were in
good health and without psychiatric disorder
based on an interview conducted at the outset
of the experiment.
The interoceptive stimuli were stimulus ef-

fects produced by 0.32 mg/70 kg triazolam
(trade name Halciong®, a prototypical triazo-
lobenzodiazepine) and placebo (lactose-filled
capsules). Triazolam is used as a hypnotic and
as an anxiolytic; active doses reduce self-re-
ports of anxiety and increase self-reports of
sedation (Oliveto, Bickel, Hughes, Higgins, &
Fenwick, in press). The exteroceptive stimuli
were black symbols on white flash cards pre-
sented by the experimenter (three stimuli per
card). The black symbols were generated from
the Cairo font on Apple Macintosh® com-
puters. The visual stimuli were approximately
4 cm square and were equidistant from the
perimeter of the white index cards (10 cm by
15 cm) and from one another (for comparison-
stimuli cards). Training and testing of stim-
ulus relations were conducted in a room that
contained a card table, several chairs and desks,
and a Commodore 64® microcomputer.

Procedure
Certain difficulties are inherent when using

interoceptive stimuli in a matching-to-sample
task. Among the most difficult is that intero-
ceptive (drug) stimuli cannot easily be pre-
sented simultaneously (or even sequentially)
as comparison stimuli. Literally, this would
require presenting several interoceptively dis-
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tinct stimuli simultaneously. This limitation is
important because, when testing for equiva-
lence, symmetry requires that each stimulus
in any given symmetrical relation be tested as
both a sample and a comparison stimulus. Not
having the technology to administer distinct
interoceptive stimuli (simultaneously) in a ex-
perimentally controlled and quantifiable fash-
ion, we chose to use a procedure developed by
Sidman and Tailby (1982, Figure 2; cf. Figure
1 in the present study). Sidman and Tailby
(1982) faced a similar difficulty because they
employed dictated Greek letters which also are
difficult to present simultaneously as compar-
ison stimuli.

General procedure. Subjects completed a to-
tal of approximately 15 sessions (one per day).
In addition to the monetary compensation sub-
jects received for participation in the study,
they received some percentage of $15.00 de-
pending on their performance during training
and testing. Sessions were defined as either
drug-visual or visual-visual stimulus days (see
below). Training and/or testing of conditional
relations occurred in each session; relation-
ships were explicitly taught during training
trials (i.e., subjects received feedback-"cor-
rect" or "incorrect"-and monetary payment
depending upon the accuracy of their re-
sponses). The emergence of symmetrical and
transitive relations was assessed during test
trials in which subjects received no feedback
as to the accuracy of their responses.
A microcomputer was used for assessing

subjects' self-reports of drug effects; subjects
answered questions by responding on a console
that contained three response keys that moved
a cursor on the computer screen along a com-
puter image of a visual analogue scale (VAS).
Subjects could grade their response on the VAS,
which was labeled "not at all" at one end of
the scale and "very much" at the other end
(range, 0 to 100).

Training and testing of stimulus relations
were conducted with the subject and experi-
menter sitting and facing one another with a
card table between them. Subjects responded
by saying "left," "right," or "center" while
pointing to either the left, right, or center stim-
ulus on the comparison-stimuli card. Subse-
quently, the experimenter recorded the sub-
ject's response and provided feedback (on
training trials only). Prior to being released

each drug day, subjects were told that they
received either "Drug A" or "Drug B," which
corresponded to placebo and triazolam; sub-
jects were never informed of the actual drug
or dose of drug they received.

Subjects were trained and tested indepen-
dently (i.e., the 1st subject began and com-
pleted the study and was then followed by the
2nd subject, etc.) and had no contact with one
another. (With the exception of Subjects AM
and DA; Subject AM began the study when
Subject DA had completed approximately 50%
of the sessions. These 2 subjects were in-
structed not to discuss the experiment with one
another at any time.)
The procedure was not automated. How-

ever, the experimenter was blind to the correct
response on all test trials. That is, on test days,
the experimenter simply recorded the subject's
response (right, left, or center) and did not
assess the accuracy of the subject's responses
until completion of that portion of testing.

Sequence of conditions. The type of trials in
each condition (training or testing) and the
sample and comparison stimuli presented in
each condition are shown in Table 1 (see also
Figure 1). These conditions can be described
in eight stages as follows:

1. Pretest (Day 1). A pretest was conducted
with each subject to familiarize them with the
matching-to-sample procedure. During a 90-
min session approximately 1 week prior to
formally beginning the study, subjects were
taught conditional relations between visual
stimuli using the conditional discrimination
procedure. Subjects were shown blue flash
cards with symbols that differed from those
used in the remainder of the study.

2. A - B and A - C training (Days 2-9).
Either triazolam or placebo was administered.
Two drug-visual stimulus relations were
trained, on different days and in a random
sequence, for both the triazolam stimulus and
the placebo stimulus classes (i.e., triazolam-
BI, triazolam-Cl; placebo-B2, placebo-C2).

3. Al - BI and Al - Cl tests (Day 10).
Subjects were administered triazolam, and
testing was conducted to ensure that the triazo-
lam-Bl and triazolam-C1 relations were in-
tact.

4. A2 - B2 and A2 - C2 tests (Day 11).
The same procedure as on Day 10 was con-
ducted, except placebo was administered (i.e.,

1 1
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TABLE 1: SEQUENCE OF CONDITIONS
DAY FUNCTION STIMULUS SYMBOUC NOTATION ACTUAL NOTATION

CLASS Sa: Co+ Co- Co- Sa: Co+ Co- Co-

1 PRETEST -- -- -- -- - -- -- --

2/3/4/5 Train: A1->Bl 1 (TRIAZOLAM) Al: BI B2 AO TRIAZ -

or Train: A2->B2 2 (PLACEBO) A2: B2 Bi BO PLAC *

6/7/8/9 Train: Al->CI 1 (TRIAZOLAM) Al: Cl C2 CO TRIAZ

or Train: A2->C2 2 (PLACEBO) A2: C2 Cl DO PLAC m

1 0 Test: Al->Bl 1 (TRIAZOLAM) Al: Bi B2 ?O TRIAZ -

or Test: Al->Cl 1 (TRIAZOLAM) Al: Cl C2 ?O TRIAZ

1 1 Test: A2->B2 2 (PLACEBO) A2: B2 BI ?O PLAC =

or Test: A2->C2 2 (PLACEBO) A2: C2 Cl ?O PLAC : ?

12(a) Test: Bl->Cl 1 (TRIAZOLAM) Bi: Cl B2 ?O ?

Test: Cl->Bl 1 (TRIAZOLAM) Cl: BI B2 ?O

Test: B2->C2 2 (PLACEBO) B2: C2 Bi ?O 2 ' -

Test: C2->B2 2tPLACEBOL C2: B2 Bi ?O ?5
12(b) Train: Dl->Cl 1 (TRIAZOLAM) Dl: Cl D2 EO

Train: D2->C2 2 PLACEBOL D2: C2 D1 FO

12(c) Test: Cl->Dl 1 (TRIAZOLAM) Cl: Dl D2 ?O :- 3 E3

Test: C2->D2 2 (PLACEBO) C2: D2 Dl ?O *

Test: Di->Bl 1 (TRIAZOLAM) Di: Bi C2 ?O _ ?

Test: Bl->D1 1 (TRIAZOLAM) Bi: Di C2 ?O

Test: D2->B2 2 (PLACEBO) D2: B2 Cl ?O 13 V 0 ?

Test: B2->D2 2 (PLACEBO) B2: D2 Cl ?O ; ?

13/14 Test: A1->D1 1 (TRIAZOLAM) Al Di D2 ?O TRIAZ ?

or Test: A2->D2 2(PLACEBO) A2 D2 Dl ?O PLAC ?

Sa = Sample, Co+ = Correct Comearison, Co- . Incorrect Comparison, ? - stimulus varied within subject

placebo-B2 and placebo-C2 relations were stimulus class if subjects chose the B1 com-
tested). parison stimulus when C1 was presented as

5. B 4-+ C tests (Day 12, Condition a). No the sample stimulus, and vice versa; equiva-
drug capsules were administered. Equivalence lence was demonstrated for the placebo stim-
relations were assessed separately for the two ulus class if subjects chose the B2 comparison
visual stimuli paired with triazolam and the stimulus when C2 was presented as the sample
two visual stimuli paired with placebo. Equiv- stimulus, and vice versa.
alence was demonstrated for the triazolam 6. D - C training (Day 12, Condition b).
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No drug capsules were administered. An ad-
ditional member (Dl and D2, respectively, for
the triazolam and placebo stimulus classes)
was trained to a member (Cl and C2, respec-
tively) of its respective stimulus class.

7. C - D, B * D tests (Day 12, Condition
c). No drug capsules were administered. Vi-
sual-visual equivalence relations were as-
sessed, one at a time. In total, this included a
test of four new relations.

8. A - D tests (Days 13 and 14). Either
triazolam or placebo was administered. The
equivalence relation between the stimulus ef-
fect of the drug (triazolam or placebo) and the
third visual stimulus was assessed (D1 or D2).

Drug-visual stimuli days. Upon arrival at the
laboratory, behavioral and physiological base-
line measures were taken for safety purposes,
followed by the administration of either drug
or placebo via two blue opaque capsules.
Training and/or testing of stimulus relations
were conducted three times postdrug (60, 75,
and 90 min after drug ingestion). This con-
sisted of presenting the subject with three com-
parison-stimuli cards, one at a time, at each
of the three time points; that is, subjects re-
sponded to a total of nine comparison cards on
drug-visual testing or training days (nine tri-
als). However, on Days 10 and 11 (see Table
1), two tests were conducted during the nine
trials; consequently, four of the nine compar-
ison-stimuli cards were presented to test one
of the two stimulus relations and five cards
were presented to test the other stimulus re-
lation (presented in a mixed sequence). The
order of the three visual stimuli on the cards
varied in a random sequence (see below). The
command "match the drug stimulus with the
visual stimulus," was presented with the first
comparison card at each time point.

Immediately prior to the training or testing
at each time point, subjects provided self-re-
ports of drug (or placebo) effects and re-
sponded to the questions: "How much is the
drug like Drug A?" and "How much is the
drug like Drug B?" by responding on a com-
puter VAS. On the first drug day, subjects
were instructed to "ignore these two questions
until they had received both Drug A and Drug
B."

Visual-visual stimuli day. On this day, no
drug was administered; training or testing oc-
curred 60 min after the subject's arrival at the
laboratory and subsequently at 10-min inter-

|Bl1 B2 I1!i!I
"I:~~~~~~~~~~~~

I Al (triazolam), A2 (placebo) |

I Dl,D2 J."
Fig. 1. A flow diagram of the stimulus equivalence

procedure used in this experiment. Interoceptive (drug)
stimuli are denoted by drug name (i.e., triazolam and
placebo) and by letter-number combinations (e.g., Al);
visual stimuli are denoted by letter-number combinations
(e.g., B1). Visual stimuli belonging to Classes 1 and 2
correspond with the interoceptive stimuli (triazolam and
placebo, respectively) (see Table 1 for actual visual stim-
uli). Solid arrows represent trained relations and dashed
arrows represent tested relations. The stimulus shown at
the start of each arrow is a sample stimulus, whereas the
stimulus at the end of each arrow is the correct comparison
stimulus.

vals until all training and testing conditions
were completed. Sample- and comparison-
stimuli cards were presented to the subject along
with the command "match the visual stimulus
with the visual stimulus." Nine trials were
conducted for each training and testing con-
dition.

Generalization test. On Day 15 (not shown
in Table 1), no drug was administered; a gen-
eralization test was conducted that examined
which stimuli-placebo-visual stimuli or tri-
azolam-visual stimuli-the subject would
choose when presented with a sample (visual)
stimulus that had no previous relation with
the visual stimuli from either of the two equiv-
alence classes. That is, tests were conducted to
assess whether equivalence relations might
emerge as a consequence of stimulus gener-
alization via physical similarity.
The procedure was as follows. First, a new

visual stimulus (a black "+" symbol, denoted
below as Stimulus F), similar in size to the
visual stimuli from the two equivalence classes
presented previously, was trained as a correct
comparison to a second new stimulus (a 2-cm
red colored square, denoted below as Stimulus

13
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Table 2

Percentage correct in testing.

Subject

MO DA AM SM

Percentage correct in
testing (overall) 100 100 98.8 100

Percentage correct on
Day 12
Condition a 100 100 100 100
Condition b 100 100 100 100
Condition c 100 100 94.4 100

Percentage correct on
Day 13 100 100 100 100
Day 14 100 100 100 100

E). This can be expressed as E - F training.
The "red square" stimulus was used because,
like the interoceptive stimuli, it differed con-

siderably from all the other visual stimuli in
the experiment. Second, after training the E
F relation, Stimulus F was presented as the

sample stimulus and two visual stimuli, one
from each potential equivalence class, were
presented as comparison stimuli. Because these
tests were conducted using the three visual
stimuli (i.e., B, C, D) from each of the two
equivalence classes, these tests can be ex-
pressed as F - B, F - C, and F - D tests.
For example, a subject would be shown Stim-
ulus F as the sample stimulus and would choose
between B1 and B2 as the comparison stim-
ulus. One of the three sets of comparison stim-
uli was presented at each of the three time
points spaced 10 min apart, in a mixed order
across subjects; the stimuli locations during the
three trials at each time also varied randomly.

Comparison stimuli. Several precautions were
taken when determining the incorrect com-

parison stimuli to be presented along with the
correct comparison stimulus. These measures

were used to ensure that the subject was unable
to respond correctly by exclusion, and to ensure
that one incorrect stimulus was not highly cor-

related with a specific correct comparison stim-
ulus. Although only two stimulus classes were
trained and tested, three comparison stimuli
were presented on all training and testing trials
(except on Day 15) to decrease the probability
of correct responding by chance (see Sidman,
1987). More specifically, the correct compar-
ison stimulus was presented along with one
comparison stimulus from the other drug class
(placebo or triazolam) and one comparison

stimulus that was never correct ("dummy"
stimuli, shown as Stimulus Class 0 in Table
1). The dummy stimulus that was presented
during training and testing trials was varied
across trials. For example, during any nine
training or testing trials one of two dummy
stimuli were presented (randomly) along with
the correct comparison and a comparison from
the other drug class. The right column in Ta-
ble 2 shows the incorrect comparison stimuli
that were never correct. In summary, the
dummy stimuli were presented in the manner
described above to ensure that (a) subjects could
not respond solely by exclusion (i.e., three al-
ternatives require the subject who never chooses
one stimulus to still make a choice between
the two remaining stimuli) and (b) correct re-
sponses could not be discriminated on the basis
of the "never correct" stimulus, because the
"never correct" stimuli were never consistently
presented with any one sample stimulus.

RESULTS
Results are discussed in the sequence in

which they occurred. First, via the pretest that
was conducted to familiarize the subjects with
the matching-to-sample procedure (Day 1), all
4 subjects readily demonstrated the ability to
develop equivalence relations between extero-
ceptive stimuli; detailed results are not pre-
sented.

Next, on the first drug day for either placebo
or triazolam, subjects acquired the discrimi-
nation via trial and error, and errors across
subjects ranged from zero to two (of a possible
nine). Following 1 day of training for each of
the two drug-visual stimulus relations, subjects
made no further errors in the conditional dis-
criminations during training and earned the
full monetary bonus on each day ($15.00).

Next, during tests of whether the drug-vi-
sual relations for the placebo and the triazolam
classes were intact (Days 10 and 1 1), subjects
responded without errors. This result is con-
sistent with the finding that-across all drug
days-subjects made no errors in the drug dis-
crimination other than during their first ex-
posure to triazolam and placebo.
The accuracy of the discrimination between

triazolam and placebo was substantiated via
the VAS scores derived from the "How much
like Drug A?" and "How much like Drug B?"
questions. These data are shown in Figure 2.
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Received Placebo

0---

* AM
-0- DA
a DA

Ilike"
li ke"

P1 acebo
Tri azol am

2 3 4 5 6

Received Triazolam

1 2 3 4 5

CONSECUTIVE DRUG DAYS
Fig. 2. Mean visual analogue scale (VAS) scores (range, 0 to 100) are shown for all 4 subjects for the "how much

like Drug A?" and "how much like Drug B?" questions when placebo was administered (top panel) and when triazolam
was administered (lower panel) as a function of consecutive placebo and triazolam days, respectively (means represent
the VAS scores at the three time points postdrug). If "Drug A" referred to placebo, then "Drug B" referred to triazolam,
and vice versa. See text for details.

Mean VAS scores (range, 0 to 100) are shown
for all 4 subjects for these two questions when
placebo was administered and when triazolam
was administered as a function of consecutive
placebo and triazolam days, respectively (means
were derived from VAS scores at the three time
points postdrug). (Note that if "Drug A" re-

ferred to placebo, "Drug B" referred to triazo-

lam, and vice versa.) Subjects reliably reported
that the drug was "more like placebo" than
"triazolam" when administered placebo, with
the discrimination improving as a function of
consecutive placebo days. Subject SM's re-

sponding produced the lowest difference score

(range, 80 to 88), whereas the difference score

for the last three placebo days for SubjectsMO

100

80

60'

40

20

0

0
0
0

w
0

U

%too

cn

Cn,

(I,

15



R. J. DeGRANDPRE et al.

and DA was the maximum (i.e., 100). A sim-
ilar effect occurred for triazolam (Figure 2).
The tests for equivalence relations between

two exteroceptive stimuli, and between an in-
teroceptive and an exteroceptive stimulus, oc-
curred in all 4 subjects (see Table 2). When
testing for the emergence of symmetrical and
equivalence relations (Days 12 to 14), 3 of the
4 subjects' responses were 100% "correct" (i.e.,
in conformity with equivalence) and 1 subject
made one incorrect response. The incorrect
response was made by Subject AM on the sec-
ond of nine trials during the C2 - D2 sym-
metry test (Day 12, Condition c); Subject AM's
response accuracy on Day 12 (Condition c)
was 94.4% correct (17 of 18 trials correct; 6
tests by 3 trials = 18 total trials). Overall,
emergence of equivalence relations was dem-
onstrated for the visual-visual relations, B
D, and for drug-visual relations, A - D (see
Table 2). The development of equivalence re-
lations between interoceptive and exterocep-
tive stimuli indicates that subjects accurately
discriminated between triazolam and placebo
(Figure 2).
On the generalization test (Day 15), the 3

subjects who completed this condition (AM,
DA, SM) consistently responded to the stimuli
belonging to the placebo stimulus class. That
is, during the test trials that included a visual
stimulus from both stimulus classes, subjects
chose the visual stimuli from the placebo class
on all nine trials.

DISCUSSION
In summary, the present study contains three

significant findings. First, interoceptive-ex-
teroceptive stimulus relations can be learned
by human subjects via the stimulus equiva-
lence procedure. This is a systematic replica-
tion of previous research in human drug dis-
crimination (Bickel et al., 1989; Preston et al.,
1987), and demonstrates that triazolam can
serve as a discriminative stimulus in humans.
Second, as a consequence of these learned re-
lations (via training), interoceptive-exterocep-
tive stimulus equivalence relations can emerge
without explicit training. To our knowledge,
this has not been demonstrated previously. This
finding also extends previous research dem-
onstrating equivalence relations with stimuli
that impinge on different sensory modalities
(e.g., Hayes et al., 1988). Third, when a new
stimulus was presented on a nondrug day, sub-

jects chose the visual stimuli that had been
paired with the same interoceptive stimuli (i.e.,
placebo). This phenomenon of generalization
via physical similarity is consistent with the
possibility that novel exteroceptive stimuli can
enter into equivalence classes by virtue of their
common interoceptive stimulus effects. The
present study, however, did not include con-
ditions (e.g., no experience with Stimuli E or
F prior to the test, or tests with the B, C, or
D stimuli as samples and F as the comparison)
that would allow a more definitive conclusion.
The finding that equivalence classes can

contain interoceptive and exteroceptive stimuli
strengthens Skinner's notion of the generic na-
ture of the concepts of stimulus and response
(Skinner, 1935). That is, this study lends fur-
ther support to the idea that stimuli "inside
the skin" can acquire and exert stimulus con-
trol over responding in apparently the same
manner as exteroceptive stimuli. However,
these results go beyond previous research on
discriminated responding by providing a
mechanism for explaining how interoceptive
stimuli can transfer their stimulus control
function to environmental stimuli that were
never explicitly paired with those interoceptive
stimuli (i.e., emerge as members of the same
equivalence class). The importance of equiv-
alence classes of this type is, in part, that they
provide an empirical framework for studying
verbal repertoires that seemingly relate to pri-
vate events. (See Lubinski & Thompson, 1987,
for an interesting demonstration, in pigeons,
of how interoceptive events can serve as SDS,
be named, and in turn be communicatively
transmitted to other individuals; see also Skin-
ner, 1945, 1957.) Consider, for example, a
child's verbal stimulus equivalence class con-
taining "it aches" and "it hurts" merging for
the first time with the interoceptive stimulus
equivalence class containing stimuli associated
with an earache and a headache. When the
two classes are merged by teaching the child
to say " it aches" when he or she has an ear-
ache, the child might then make any of three
emergent responses: "it aches" when having a
headache, "it hurts" when having a headache,
and "it hurts" when having an earache.

Lacking in the above example is a complete
explanation of how equivalence relations de-
velop between stimuli occurring in the natural
environment. That is, it is unlikely that equiv-
alence relations always develop between stim-
uli in the natural environment in the same way
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they do during matching-to-sample condi-
tional discrimination training (i.e., explicitly
reinforced conditional discriminations). The
third finding-that novel exteroceptive stimuli
may generalize to exteroceptive stimuli that
have been paired with the same interoceptive
stimuli (i.e., the absence of any drug effect or
placebo)-if true, suggests that stimuli may
enter into equivalence relations with other
stimuli via stimulus generalization. This find-
ing is supported by a recent study demonstrat-
ing multiple sources of entry into equivalence
classes (Fields, Reeve, Adams, & Verhave,
1991). Fields et al., using normal adult sub-
jects, demonstrated that stimuli similar but not
identical to a member of a stimulus equiva-
lence class generalized to other members of
that equivalence class. As a result, Fields et
al. concluded that "the development of com-
plex naturally occurring categories may be ac-
counted for by the combined effects of equiv-
alence class formation and stimulus
generalization" (p. 31 1).

If new equivalence relations can emerge as
a function of stimulus generalization, the find-
ing that interoceptive and exteroceptive stimuli
can share membership in an equivalence class
has important clinical implications. Specifi-
cally, the present findings, along with the find-
ings reported by Fields et al. (1991), suggest
a potential mechanism for explaining how
clinically significant responses come under
complex stimulus control; that is, how envi-
ronmental "precipitators" or "triggers" (that
subjects are often unaware of) set the occasion
for responding (see Margraf, Taylor, Ehlers,
Roth, & Agras, 1987; Street, Craske, & Bar-
low, 1989). For example, Street et al. sug-
gested that the distinction between cued and
uncued ("out of the blue") panic attacks may
be somewhat false in that "cues outside the
individual's awareness most likely exist" (p.
189). This suggestion raises an interesting pos-
sibility: Perhaps stimulus control could trans-
fer from the more clearly identifiable cues, such
as those present in the "classic phobic situa-
tion," to less salient stimuli that exist in en-
vironments paired with panic attacks. Assum-
ing that there are similar interoceptive stimuli
associated with panic attacks and normal anx-
iety experienced by most people, the possibility
exists that as a result of generalization, equiv-
alence relations might emerge between the
stimuli that facilitate the onset of panic attacks
and those stimuli that increase anxiety. That

is, stimulus generalization as a source of entry
into equivalence classes provides a mechanism
for explaining how exteroceptive stimuli paired
previously with interoceptive stimuli might in-
crease the number of stimuli controlling clin-
ically significant behavioral problems such as
panic attacks.

Examples of stimulus control over types of
behavior that have interoceptive components
have been suggested in research on substance
abuse (e.g., conditioned drug taking, condi-
tioned withdrawal, conditioned tolerance, drug
reinstatement; Bickel & Kelly, 1988; O'Brien,
1975; O'Brien, Childress, McLellan, Ehrman,
& Ternes, 1988; O'Brien, Testa, O'Brien,
Brady, & Wells, 1977; Siegel, 1978, 1988),
anxiety disorders (e.g., generalized anxiety,
situational anxiety, panic attacks, worrying;
Barlow et al., 1985; Borkovek, Wilkinson,
Folensbee, & Lerman, 1983; Margraf et al.,
1987), eating disorders (e.g., dietary restraint;
Ruderman, 1986), and epilepsy (Verduyn,
Stores, & Missen, 1988). Despite these re-
ports, the development, complexity, and per-
vasiveness of these controlling-stimulus rela-
tions are not well understood (Street et al.,
1989). Indeed, prior to this study, no mecha-
nism had been proposed that was capable of
explaining how emergent stimulus control de-
velops between interoceptive and exteroceptive
stimuli. Given the paucity of research inves-
tigating stimulus control over clinically rele-
vant behavior (see Bickel & Kelly, 1988), the
present findings attest to the value and need
for more explorative research on emergent
stimulus control in these areas.
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